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Supplementary Text 
 
For a Brownian particle in the presence of an external force in the liquid cell, its 1D translational 
dynamics is governed by the Langevin equation (49) 
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where   is the damping factor due to surrounding drag including both the fluid friction force and 
the interaction from the substrate, )(tAext  is the acceleration executed by an external fluctuation 
force. The time dependent displacement )(tx  is given by  
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The random force upon the gold NP under repetitive femtosecond laser pulses excitation is 
assumed to be caused by steam nanobubbles (NBs) induced by laser pulse heating of the NP over 
water boiling temperature. The laser pulse heats up the particle in hundreds of picoseconds due to 
the surface plasmon enhanced strong optical absorption at the wavelength of 520 nm (39–41). 
Such a strong local photothermal effect induces rapid and repetitive nucleation, expansion, 
detachment, and collapse of steam NBs near the particle surface (38, 43, 44, 50), resulting in a 
sequence of repetitive impulsive random forces which drive the superfast diffusion of the 
particle. For simplicity, we assume that the acceleration )(tAext  arising from the NBs consists of a 
comb of very short rectangular-shaped impulses induced by the repetitive laser pulse heating, 
with a duration of 0  for the impulses and a time interval of pT  between the periodic impulses 
(repetition rate is pT1 ).  For the kth impulse one has 
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where )(tH  is a Heaviside step function. Thus the Langevin equation (44) can be recast as 
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For simplicity, one can assume 0)0( x  initially, but the velocity 0)0(0  xu  . Assuming the 
damping constant is independent of liquid temperature and resolving the Langevin equation (4), 
we can obtain  
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 and for pTt 0   
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When 0 pp TtT  
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and for pp TtT 20   
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Similarly, for 0)1()1(  pp TNtTN  
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and for pp NTtTN  0)1(   
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We could calculate the time-dependent mean square displacement (MSD) according to the above 
equations. Because there is no correlation between the initial velocity and the impulsive forces, 
one has 0)0(0 kAu . In addition, the direction of the impulsive force induced by different shots 
has no correlation either, thus 2)0()0( avekjjk AAA  , where aveA  represents an average value of 
the comb of random impulses. aveA  is reasonably assumed to be proportional to the laser fluence. 
Because 0)0( kA , the ensemble average for the displacement reads  te
u
tx 

 1)( 0 . 
Therefore, at the long time scale such as pNTt  , we can obtain the MSD as 
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For 1t , the MSD reads 
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Because the first term is negligibly small when 1pT  , the MSD approaches a linear time 
dependence on the long time limit as given in the following, which is the key formula derived in 
this work 
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Similarly, for a 2D translational dynamics of an active Brownian particle, one can get 
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MSD  . In analog with Einstein’s linear time dependence law for a conventional 2D 
passive Brownian motion, that is, tDMSD 4 , we can define an effective 2D diffusion constant 
for the photon-activated Brownian particle as 
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constant D has a quadratic dependence on the strength of the impulsive acceleration, which 
increases with the laser fluence.   
 
 
movie S1. Translation of a gold NP induced by repetitive femtosecond laser pulse excitation 
(fluence of 2.3 mJ/cm2; repetition rate of 1 kHz) under continuous electron beam imaging 
mode. 
 
